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ABSTRACT

Article Type:

Introduction: Nutraceuticals might serve as protective agent against liver cancer induced
by pro-cancerous chemicals that initiate high oxidative stress, inflammation and affect
DNA integrity. The aim of the present research was to study the prevention of hepatocellular
carcinoma initiation induced by N-nitrosodiethylamine (NDEA) through treatment by
nutraceuticals.
Methods: Two nutraceuticals were prepared; the first (NI) was a mixture of different extracts
of green tea, wheat germ and tomato, the second one (NII) was composed of extracts mixture
of broccoli, hazelnuts and carrot. Total flavonoids and flavonols were determined in the
nutraceuticals. Four groups of rats were run; the first served as control normal, the other three
groups were treated by intraperitoneal injection of NDEA, one of these groups was designated
as control NDEA, the other two groups (test groups) were treated daily with oral doses of
NI and NII, respectively. The experiment continued for 8 weeks. Plasma transaminases,
alkaline phosphatase and catalase activities, total protein, albumin, malondialdehyde (MDA)
and tumor necrosis factor-α (TNF-α) along with liver MDA level and catalase activity were
assessed.
Results: NI showed higher flavonoids and lower flavonols than NII (P < 0.05). High oxidative
stress and inflammation biomarkers, liver dysfunction, reduced plasma albumin and total
protein were demonstrated in control NDEA compared to control normal (P < 0.05). Test
groups showed significant improvement in all parameters (P < 0.05) compared to NDEA
control. NI was superior in improving plasma transaminases and catalase activities, MDA
and TNF-α levels and liver catalase activity compared to NII (P < 0.05).
Conclusion: Both NI and NII might prevent liver cancer initiation during exposure to
carcinogenic agents, NI being superior to NII.
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Implication for health policy/practice/research/medical education:

This research showed that extract mixtures of green tea, wheat germ and tomato (NI), and broccoli, hazelnuts and carrot (NII)
prevent liver cancer initiation induced by NDEA; the mechanism probably involves antioxidant and anti-inflammatory activities
beside improvement of liver function. These nutraceuticals might be also used as chemotherapeutic adjunct for management of
liver cancer.
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Introduction
N-nitrosamine contaminated food is considered as a
risk factor for developing hepatocellular carcinoma (1).
N-nitrosamine is produced from the reaction between
nitrosating agent that derived from nitrite or smoke and
a secondary amine originated from protein and lipid
degradation during processing of meat products (2).
*Corresponding author: Sahar Y. Al-Okbi,
Email: S_Y_alokbi@hotmail.com

Diethyl nitrosamine, an N-nitrosamine compound, is
used to induce initiation of hepatocellular carcinoma in
animals (3). N-nitrosodiethylamine (NDEA) is an organic
compound which is present in tobacco smoking and
possesses carcinogenic and mutagenic effects. It is used
as additive in gasoline and lubricant industries. It affects
DNA integrity through alkylation and is considered as
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human liver carcinogen, so it is used in research to induce
liver tumorigenesis and several nuclear aberrations
in the rat liver to search new anticancer agents (4,5).
NDEA produces reactive oxygen species leading to high
oxidative stress and hepatocellular damage involved in the
pathogenesis of hepatocellular carcinoma (3).
The prevalence of cancer nowadays might be related to
continual exposure to carcinogenic agents, high oxidative
stress and chronic inflammation in addition to genetic
predisposition. Hepatocellular carcinoma was reported as
the third cancer related mortality worldwide (6,7). Though
the thorough pathogenesis of hepatocellular carcinoma is
not fully investigated; oxidative stress, inflammation and
lesions caused by chemical carcinogens are involved (8). It
is well accepted that reactive oxygen species accumulation
is one of the important factors in motivating malignancy
progression (9). Liver cancer is considered as one of the
most resistant cancers to chemotherapeutic agents and so
far there is no efficient regimen for treating hepatocellular
carcinoma (10). Consequently the concept of prevention
of such rigorous cancer must be developed specially
during unavoidable exposure to carcinogens within such
industrialized world.
Naturally occurring bioactive constituents specially
those obtained from botanical dietary sources namely
nutraceuticals are recently considered as safe agents for
protection from carcinogenesis. Nutraceuticals are defined
differently by different nutritional societies; however it is
the best to be defined as bioactive constituents prepared
from food sources that elucidate protection or treatment
of one or more chronic diseases. Nutraceuticals might
prevent cancer when contain bioactive phytonutrients
and phytochemicals that possess antioxidant and antiinflammatory activities. Such bioactive components like
carotenoids, flavonoids, tocopherols and phytosterols
might fulfill the aforementioned properties. Carrots,
tomatoes, broccoli, green tea, hazelnuts and wheat
germ are reported as rich sources of antioxidant and
anti-inflammatory bioactive constituents (11,12). In
previous studies belonged to the present research team;
nutraceuticals prepared from a mixture of ethanol extract
of green tea, wheat germ oil and acetone extract of tomato
and another mixture of ethanol extract of broccoli,
hazelnuts oil and acetone extract of carrot were shown to
possess anti-inflammatory effect in adjuvant arthritis as
well as in vitro antioxidant activity and inhibiting effect
on cell line liver carcinoma (HEPG2) (13,14). So, it is of
interest to investigate the in-vivo protective effect of such
nutraceuticals towards initiation of malignancy during
exposure to carcinogenic agent.
The objective of the present research was to study the
protective role of the aforementioned nutraceuticals
against liver cancer in rats treated by NDEA as procarcinogenic agent. This was accomplished through
following up antioxidant, oxidative stress, inflammatory
http://www.herbmedpharmacol.com

biomarkers and liver function in such rats. The aim also
included assessment of total flavonoids and flavonols of
the nutraceuticals.
Materials and Methods
Plant materials
Fresh tomato, carrot, broccoli, green tea and hazelnuts
were purchased from local markets, while wheat germ was
obtained from South Cairo Milling Co., Egypt.
Chemicals
N-nitrosodiethylamine was purchased from Sigma (St.
Louis, MO, USA). All other chemicals were of the highest
grade.
Animals
Male Sprague Dawley rats weighing 150-170 g. were used
in the present study. Animals were obtained from Animal
House of National Research Centre, Cairo, Egypt. Animals
were kept individually in stainless steel cages; water and
food were given ad-labium with 12 h dark/light cycle.
Diets
A balanced diet composed of 10% casein, 10% corn oil,
23.5% sucrose, 47% maize starch, 5% cellulose, 3.5% salt
mixture and 1% vitamin mixture was prepared for feeding
rats all over the experimental period.
Preparation of plant materials
Fresh tomato, carrot and broccoli were washed by tap
water and cut into small pieces. All plants’ materials were
dried separately in hot air oven at 40°C and reduced into
coarse powder.
Preparation of plant extracts
Plant extractions were carried out as reported previously
(13). The dried powder of tomato and carrot were placed
separately in a continuous extraction apparatus (soxhlet)
and subjected to extraction using acetone for extraction
of carotenoids including lycopenes. Hazelnuts and wheat
germ were extracted separately by soxhlet apparatus
using petroleum ether (40-60°C) for preparation of the
oil. Green tea and broccoli were placed separately in a
continuous extraction apparatus and subjected to crude
extraction using ethanol. The solvent of each extract
was completely removed by evaporation under reduced
pressure at a temperature not exceeding 40°C.
Preparation of nutraceuticals (extracts’ mixtures)
Equal weights from crude ethanol extract of green tea,
wheat germ oil and acetone extract of tomato were mixed
to give nutraceutical I (NI). Nutraceutical II (NII) was
prepared from crude ethanol extract of broccoli, hazelnuts
oil and acetone extract of carrot as 1:1:1 (w/w/w). The
nutraceuticals were prepared as described previously (13).
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Preparation of nutraceuticals′ dosages
Nutraceuticals were prepared in emulsion form using
water and gum acacia as emulsifying agent. A vehicle was
prepared containing the same amount of water and gum
acacia for dosing the rats of the control groups.
Determination of flavonoids content in the mixtures
Total flavonoids were determined in the nutraceuticals
as reported previously (15). Aluminum chloride (AlCl3)
was prepared in ethanol as 20 g/L. AlCl3 solution (0.5
mL) was added to 0.5 ml of the nutraceuticals. After 1
h of incubation at room temperature, the absorbance of
samples was measured at (420) nm. The development of
yellow color was an indicator of the presence of flavonoids.
Quercetin was used as standard. Total flavonoids content
was expressed as mg quercetin equivalent (QE)/g
nutraceutical.
Determination of flavonols content in the mixtures
Total flavonols were determined in the nutraceuticals
as described previously (16). AlCl3 was prepared in
methanol as 2g/100 mL. AlCl3 solution (1 mL) was added
to 1 ml of the nutraceuticals, followed by 3 ml sodium
acetate solution (5%). The reaction mixture was left 2.5
hours at room temperature. The absorbance was read
at 440 nm. Total flavonols content was expressed as µg
quercetin equivalent (QE)/g nutraceutical. 
Experimental design
Thirty-two male rats were divided into four groups each
of eight rats. Rats of group 1 served as normal control.
Group 2 was NDEA control group. Rats of group 3 and 4
were given daily oral doses of NI and NII emulsions (300
mg nutraceutical/kg rat body weight), respectively for
eight weeks. The rats in groups 2, 3 and 4 were treated
by intraperitoneal injection of NDEA (200 mg/kg rat
body weight) dissolved in saline to initiate the process of
hepatocarcinogenesis according to the previous protocol
of Srivastava et al (17). The rats of group one received an
intraperitoneal injection of saline and the rats of group 1
and 2 were treated by daily oral doses of the vehicle for
eight weeks. During the experiment, body weight and
food intake were recorded weekly. After eight weeks (end
of the study) total food intake, body weight gain and food
efficiency ratio (body weight gain/total food intake) were
calculated. Blood samples were collected in heparinized
test tubes from the anaesthetized rats after an overnight
fast. Plasma samples were separated by centrifugation at
3000 rpm for 15 minutes. Plasma alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) activities were assessed as liver
function indicators by colorimetric techniques (18,19).
Plasma total protein and plasma albumin (A) were
determined by colorimetric methods (20,21) as extra
indicators of liver function. Plasma globulin (G) and
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A/G ratio were calculated. Plasma malondialdehyde
(MDA), as indicator of lipid peroxidation, plasma catalase
activity, an antioxidant biomarker, and plasma tumor
necrosis factor-α (TNF-α), as inflammatory marker,
were estimated (22-24). After blood sampling, rats were
immediately sacrificed and the liver was separated from
each animal, weighed and analyzed for MDA level and
catalase activity (22,23). Percentage liver weight/body
weight was calculated for each rat.
Statistical analysis
Results of animal experiment were expressed as mean ±
SE. Different groups were compared statistically using One
Way Analysis of Variance (ANOVA) followed by LSD test,
SPSS, version 22. T test was applied for comparing total
flavonoids and flavonols in the nutraceuticals. In both
tests the means were considered significantly different at
P≤0.05.
Results
Flavonoids and flavonols contents of the studied
nutraceuticals are demonstrated in Table 1. N1 contained
higher flavonoids and lower flavonols (2 ± 0.04 mg QE/g
and 1.58 ± 0.03 µg QE/g, respectively) than NII (0.7 ±
0.01 QE/g and 18.46 ± 0.91 µg QE/g, respectively) where
(P < 0.05).
Nutritional parameters and percentage of liver
weight/body weight of different experimental groups
are compiled in Table 2. The control group treated with
NDEA showed significant reduction of body weight gain,
final body weight, total food intake and food efficiency
ratio with increase in percentage of liver weight/body
weight compared to normal control group. All nutritional
parameters of the test groups (groups treated with
the nutraceuticals) demonstrated significant increase
compared to NDEA control; while still significantly
lower than the normal control. No significant change
was demonstrated between the two test groups, however;
the group treated with NI showed significant reduction
of percentage of liver weight/body weight compared to
NDEA control, while that of NII did not demonstrate any
significant change.
Liver function tests (plasma ALT, AST and ALP
activities) demonstrated significant elevation in NDEA
control compared to normal control (Table 3). Treatment
with NI and NII produced significant reduction of plasma
ALT, AST and ALP activities compared to NDEA control;
Table 1. Flavonoids and flavonols contents of nutraceuticals

Nutraceutical I Nutraceutical II
Flavonoids (mg QE/g nutraceutical)
Flavonols (µg QE/g nutraceutical)

2 ± 0.04

0.7± 0.01*

1.58 ± 0.03

18.46 ± 0.91*

QE: Quercetin equivalent.
* Significant change at P < 0.05.
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Table 2. Nutritional parameters of different experimental groups

Groups

Initial body
weight

Final body weight

Body weight gain Total food intake

Food efficiency ratio

% of liver weight/
body weight

Normal control

164.75a ± 1.37

262.25a ± 1.50

97.50a ± 1.35

786.00a ± 7.73

0.12a ± 0.0015

2.93a ± 0.046

NDEA control

164.75a ± 1.32

202.88b ± 1.89

38.13b ± 1.08

464.38b ± 7.64

0.08b ± 0.0024

3.67b ± 0.038

NDEA& NI

164.75a ± 1.25

214.25c ± 1.93

49.50c ± 0.93

494.88c ± 5.23

0.10c ± 0.0015

3.57c ± 0.022

NDEA& NII

164.63 ± 1.13

212.75 ± 1.60

48.13 ± 1.97

494.88 ± 4.56

0.10 ± 0.0038

3.58bc ± 0.030

a

c

c

c

c

NDEA control: Control group treated by N-nitrosodiethylamine, NDEA& N I: Group treated by N-nitrosodiethylamine and nutraceutical I, NDEA & N II:
Group treated by N-nitrosodiethylamine and nutraceutical II.
Values are means ± SE; where n = 8. In the same column; the similar superscript letters mean insignificant difference while the different superscript
letters mean significant different at P ≤ 0.05.

Table 3. Liver function tests of different experimental groups

Groups

Plasma ALT activity (IU/L)

Plasma AST activity (IU/L)

Plasma ALP activity (IU/L)

Normal control

39.63a ± 0.73

52.25 a ± 0.62

160.25 a ± 2.19

NDEA control

72.50 ± 1.20

b

87.75 ± 1.31

205.25 b ± 4.62

NDEA & N I

51.75c ± 0.88

68.13 c ± 1.13

167.63 ac ± 1.25

NDEA & N II

59.75 ± 0.84

72.00 ± 0.76

168.88 c ± 1.82

b

d

d

AST, aspartate transaminase; ALT: alanine Transaminases, ALP: Alkaline phosphatase, NDEA control: Control group treated by N-nitrosodiethylamine,
NDEA & N I: Group treated by N-nitrosodiethylamine and nutraceutical I, NDEA & N II: Group treated by N-nitrosodiethylamine and nutraceutical II.
Values are means ± SE; where n = 8. In the same column; the similar superscript letters mean insignificant difference while the different superscript
letters mean significant different at P ≤ 0.05.

but ALP activity of the group given NI matched that of the
normal control.
Plasma total protein and albumin were significantly
reduced in NDEA control compared to normal control.
The groups treated with NI and NII showed significant
elevation of plasma total protein and albumin compared
to NDEA control, where the levels were normalized except
for total protein in case of NI group. Plasma globulin and
A/G ratio though showed reduction in control NDEA
compared to control normal however the reductions were
not significant. The test groups showed minor elevation in
both plasma globulin and A/G ratio compared to NDEA
control which was only significant in case of A/G ratio of
rats treated with NI (Table 4).
Table 5 shows significant elevation of plasma MDA
and TNF-α with significant reduction of plasma catalase
activity in NDEA control group compared to normal
control. Significant elevation of plasma catalase activity

with significant reduction of plasma MDA and TNF-α
were observed on treatment of either nutraceuticals while
NI demonstrated significant improvement compared
to NII; the levels still not matching the normal control
group. In NDEA control; liver MDA, was significantly
higher while catalase activity was significantly lower than
control normal (Table 6). These changes were significantly
improved on treatment with either NI or NII. Liver
catalase activity in case of NI was significantly higher than
that of NII. Liver MDA and catalase were still significantly
different from that of normal control.
Discussion
Exposures to high oxidative stress and continual
inflammatory state are among the main factors that could
lead to cancer especially with the presence of genetic
factors. High oxidative stress might prim oxidation
of DNA and mutation which is a pre-cancerous stage.

Table 4. Plasma protein levels of different experimental groups

Groups

Total protein (mg/dL)

Albumin (mg/dL)

Globulin (mg/dL)

Albumin/globulin

Normal control

6.43a ± 0.06

3.38a ± 0.05

3.04a ± 0.05

1.11ab ± 0.03

NDEA control

5.78 ± 0.09

2.84 ± 0.07

2.94 ± 0.11

0.98b ± 0.05

NDEA & N I

6.09c ± 0.06

3.24a ± 0.08

2.85a ± 0.12

1.16a ± 0.07

NDEA & N II

6.32a ± 0.09

3.31a ± 0.04

3.01a ± 0.11

1.11ab ± 0.05

b

b

a

NDEA control: Control group treated by N-nitrosodiethylamine, NDEA & N I: Group treated by N-nitrosodiethylamine and nutraceutical I, NDEA & N II:
Group treated by N-nitrosodiethylamine and nutraceutical II.
Values are means ± SE; where n = 8. In the same column; the similar superscript letters mean insignificant difference while the different superscript
letters mean significant different at P ≤ 0.05.
http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 10, Number 2, April 2021

197

Al-Okbi et al
Table 5. Plasma antioxidant and anti-inflammatory biomarkers of different experimental groups

Groups

MDA (nmol/mL)

Catalase activity (u/L)

TNF-α (pg/mL)

Normal control

7.06a ± 0.15

469.38a ± 3.95

19.90a ± 0.51

NDEA control

23.13 ± 0.69

b

211.04 ± 5.21

39.38b± 1.00

NDEA & N I

13.79 ± 0.26

c

426.68 ± 4.68

26.25c ± 0.53

NDEA & N II

15.19 ± 0.35

378.50 ± 5.76

30.13d ± 0.74

b
c

d

d

MDA: Malondialdehyde, TNF-α: Tumor necrosis factor-alpha, NDEA control: Control group treated by N-nitrosodiethylamine, NDEA& N I: Group
treated by N-nitrosodiethylamine and nutraceutical I, NDEA & N II: Group treated by N-nitrosodiethylamine and nutraceutical II.
Values are means ± SE; where n = 8. In the same column; the similar superscript letters mean insignificant difference while the different superscript
letters mean significant different at P≤0.05.
Table 6. Liver catalase and MDA of different experimental groups

Liver catalase activity
(u/L)
363.75a ± 5.83

Liver MDA
(nmol/mL)
10.31a ± 0.38

NDEA control

228.12b± 3.55

17.48b ± 0.50

NDEA & N I

316.56c± 4.74

12.81c ± 0.39

NDEA & N II

266.07 ± 7.52

13.40c ± 0.34

Groups
Normal control

d

MDA: Malondialdehyde, NDEA control: Control group treated
by N-nitrosodiethylamine, NDEA & N I: Group treated by
N-nitrosodiethylamine and nutraceutical I, NDEA & N II: Group treated
by N-nitrosodiethylamine and nutraceutical II.
Values are means ± SE; where n = 8. In the same column; the similar
superscript letters mean insignificant difference while the different
superscript letters mean significant different at P ≤ 0.05.

Prevention of both oxidative stress and inflammation
could mitigate exposure to malignancy.
In the present study treatment with NDEA as procancerous agents increased biomarkers of inflammation
and oxidative stress in plasma represented by elevation
of TNF-α and MDA, respectively with reduction of
enzymatic antioxidants exemplified by catalase denoting
general condition of inflammation and oxidative stress
in the whole body. Also, NDEA induced an elevated liver
oxidative stress as indicated by increased liver MDA and
reduced catalase associated with liver dysfunction as
pointed from the elevated AST, ALT, ALP and reduced
albumin. These changes might refer to the transition of
liver to a pre-cancerous stage. MDA which is a product of
lipid peroxidation might react with cell DNA producing
MDA-DNA adduct inducing some sorts of mutation
(25,26) during genetic instability and emerged as a link
between oxidative stress and cancer (27,28). Genetic
instability occurs due to sustained oxidative stress that
leads to tumor progression. Elevated plasma ALT and
AST which are indicators of liver damage were found
to be correlated with tumor volume in hepatocellular
carcinoma patient (29). Elevated ALP in NDEA control
reflected hepatic lesions and tissue damage related to
tumor formation that resulted in ALP release (30). NDEA
is considered as hepatotoxin inducing inflammationassociated hepatocarcinogenesis. NDEA produced
hepatocyte damage characterized by elevated serum
alanine aminotransferase, TNF-α, interleukin-6, myeloid
198
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cell infiltration and metastasis (31,32). Inflammation and
hepatocyte injury caused by chemical carcinogens induced
high oxidative stress due to release of reactive oxygen
species in liver which is a key factor in hepatocellular
carcinoma progression (33). It is worthy to mention that the
balance between reactive oxygen species and antioxidants
assign the degree of oxidative stress. Inflammation and
oxidative stress biomarkers (MDA) were elevated with
simultaneous reduction of non- enzymatic and enzymatic
antioxidant (including catalase) in hepatic tissue of mice
treated by NDEA. Also, liver function indicators (ALT,
AST, ALP and albumin) were reported to be elevated in
NDEA treated rats and mice (34,35). These results agreed
with the present findings. NDEA treatment produced
DNA damage, alteration in liver histopathology, increased
fibrogenic marker (TGF-β1) and regenerative proliferative
stress (36). Also, a decrease in serum total protein was
reported in NDEA treated animal (10) as could be seen in
the current study.
The reduced final body weight together with the
increase in percentage of liver weight/body weight in
NDEA control might reflect the presence of some sorts
of pathological condition related to malignancy with an
increased liver weight that could be related to disturbance
in nutrients metabolism, initiation of hyperplasia and/or
tumor-genesis. Previously, NDEA was shown to induce
decrease in body weight with increase in liver weight (36)
which are similar to the present results.
The tested nutraceuticals in the current study showed
protective effect through reducing oxidative stress and
inflammation accompanied by elevated antioxidant level
(catalase) in both plasma and liver. Treatment with the
nutraceuticals improved liver function and body weight
gain together with reducing percentage of liver weight/
body weight. NI was superior to NII in reversion of the
pathological changes towards normal levels.
Green tea and broccoli in NI and NII are considered
as source of phenolic compounds while wheat germ and
hazel nuts as source of tocopherols and phytosterols. The
presence of tomato and carrot in NI and NII, respectively
are considered as source of carotenoids. Nutraceutical
I and NII were reported to contain total phytosterols
as 41.5% and 5.9% of total unsaponifiable matter,
respectively represented by campesterol, stigmasterol and
http://www.herbmedpharmacol.com
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beta-sitosterol (14). It was demonstrated that sterols afford
protection from cancer via an effect on immune function,
an apoptotic effect and anti-inflammatory activity (37,
38). Hazel nuts and wheat germ oils are rich sources of
tocopherols that reported to possess anticancer effect
(39). NI was reported to contain α-, γ- and δ-tocopherols
as 266.29, 98.44 and 193.3, respectively while they present
as 54.7, 0.73 and 54.9 mg/100 g in NII. The anticancer
effect of tocopherols could mainly belong to γ- and
δ-tocopherols because they can scavenge reactive oxygen
and nitrogen species in addition to their antiangiogenic
effects and their ability to inhibit nuclear factor-kappa B
pathway (39). Total phenolic compounds were present
as 3.97 and 2.57 g gallic acid equivalent/100 g in NI and
NII, respectively while β-carotene was 0.53 and 33.95
mg/100 g (13). In the present study NI contained higher
content of flavonoids compared to NII which could reflect
the flavonoids content of green tea compared to broccoli
while the flavonols of NII were higher than that of NI. It
was reported that phenolic content of green tea comprised
catechin, chrysin, syrngic, vanillic, cummaric, cinnamic,
protocatechuic, sinapic and gallic acid (40). The major
reported phenolic compounds in broccoli were two flavonol
glycosides (quercetin 3-O-sophoroside and kaempferol
3-O- sophoroside) and four hydroxycinnamic acid esters
(41). Phytochemicals in broccoli were demonstrated to
possess anti-inflammatory and anticancer effects (42,43).
Bioactive compounds in green tea were reported to have
anti-angiogenic, antimutagenic and anticancer effect
(44,45). Flavonoids present in broccoli and green tea
have apoptotic activity and reduce proliferation in cancer
cells (46,47). Oxidative damage induced by chemical
carcinogens was prevented by green tea polyphenol
through inhibiting mitochondrial reactive oxygen species
(48). Carotenoids in tomato and carrots have cancer
protective effect (49). All the aforementioned bioactive
constituents in the nutraceuticals might act synergistically
to afford the antioxidant and anti-inflammatory activities
and the improvement of liver function that could
induce protective effect against liver cancer. The in-vitro
antioxidant activities of NI and NII were demonstrated
to be 64 and 74%, respectively; in a previous study (14)
which confirmed the in-vivo antioxidant effect in the
present study.
The mechanism of anticancer protection might
involve colon microbiota where significant increase in
bifidobacteria on treatment with either NI or NII with
simultaneous reduction in coliform and staphylococci
on administration of NI were reported to correlate with
the anti-inflammatory activity of nutraceuticals (13,50).
Inhibition of genotoxicity, prevention of oxidative DNA
damage and minimization of DNA fragmentation and
mutagenesis were demonstrated on administration of
NI and NII (13) which might be among the anticancer
mechanism of action of such nutraceuticals. The present
http://www.herbmedpharmacol.com

study showed that the nutraceuticals may prevent cancer
induced by NDEA at an early state of liver carcinogenesis
in rats.
Although antioxidants could combat oxidative stress
damage that induces carcinogenesis however they might
also protect cancer cell from oxidative stress. Therefore,
it might be claimed that antioxidants are protective from
cancer incidence rather than curative agents. Nevertheless,
antioxidant might serve as reducer of metastasis in cancer
patients. Therefore, the balance between oxidative stress
and antioxidants must be well investigated to prevent
cancer progression and initiation.
Conclusion
Taken together the results of the present study demonstrated
that the progression of hepatocarcinogenesis might be
subsided by the tested nutraceuticals through antioxidant
and anti-inflammatory actions.
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